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Abstract

Background: Some epidemiological investigations suggest that higher intake or biochemical status of vitamin E and
b-carotene might be associated with reduced risk of colorectal cancer.
Methods: We tested the e�ects of a-tocopherol and b-carotene supplementation on the incidence of colorectal
cancer in the Alpha-Tocopherol, Beta-Carotene Cancer Prevention (ATBC) Study, a double-blind, placebo-
controlled trial among 29,133 50±69-year-old male cigarette smokers. Participants were randomly assigned to
receive a-tocopherol (50 mg), b-carotene (20 mg), both agents, or a placebo daily for 5±8 years. Incident colorectal
cancers (n = 135) were identi®ed through the nationwide cancer registry, and 99% were histologically con®rmed.
Intervention e�ects were evaluated using survival analysis and proportional hazards models.
Results: Colorectal cancer incidence was somewhat lower in the a-tocopherol arm compared to the no a-tocopherol
arm, but this ®nding was not statistically signi®cant (relative risk (RR) = 0.78, 95% con®dence interval (CI) 0.55±
1.09; log-rank test p = 0.15). b-Carotene had no e�ect on colorectal cancer incidence (RR = 1.05, 95% CI 0.75±
1.47; log-rank test p = 0.78). There was no interaction between the two substances.
Conclusion: Our study found no evidence of a bene®cial or harmful e�ect for b-carotene in colorectal cancer in
older male smokers, but does provide suggestive evidence that vitamin E supplementation may have had a modest
preventive e�ect. The latter ®nding is in accord with previous research linking higher vitamin E status to reduced
colorectal cancer risk.

Introduction

Colorectal cancer is the third most frequent cancer
diagnosed among men and women in the US, and is
similarly common in most industrialized nations, in-
cluding Finland where incidence rates are, however,
somewhat lower. Both heredity [1] and environmental
factors ± notably diet [2] ± are known to in¯uence the
development of cancer of the large bowel. With respect
to the latter, numerous dietary components have been

studied, with available data suggesting greater risk for
increased intakes of total energy, fat, and red meat, and
protective associations for vegetable and fruit consump-
tion, and for intakes of ®ber, calcium, folate, vitamins D
and E, and possibly carotenoids [2]. Several epidemio-
logical investigations suggest that elevated serum con-
centration of a-tocopherol, the predominant form of
vitamin E in humans, is associated with lower colorectal
cancer risk [3]. Information regarding b-carotene is more
equivocal, with greater consumption of carotenoid-rich
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vegetables being more consistently related to risk
reduction than intake or serology of speci®c carotenoids
per se [4].
The Alpha-Tocopherol, Beta-Carotene Cancer Pre-

vention Study (ATBC Study) was a controlled supple-
mentation trial conducted among 29,133 male smokers
in Finland that tested the e�ectiveness of a-tocopherol
and b-carotene in the primary prevention of lung cancer
and other cancers [5, 6]. We report here our ®nal
®ndings concerning the e�ects of these micronutrients
on the incidence of and mortality from colorectal cancer
after an average of 6 years of supplementation, includ-
ing exploratory analyses of possible interactions with
other relevant exposures.

Materials and methods

Trial design and study population

The ATBC Study was conducted in southwestern
Finland between 1985 and 1993 [5]. This primary
prevention trial included 29,133 50±69-year-old male
smokers (®ve or more cigarettes daily at entry) who were
randomly assigned within each of 14 study centers to
receive a-tocopherol (50 mg, as dl-a-tocopheryl acetate),
b-carotene (20 mg), a-tocopherol and b-carotene, or
placebo daily for 5±8 years (median 6.1 years) in a
double-blind fashion. The 2 ´ 2 factorial design allowed
assessment of the two intervention agents independent-
ly, with one-half of the participants receiving a-toco-
pherol (n = 14,564) and the other one-half not (n =
14,569); similarly, half received b-carotene (n = 14,560),
and half did not (n = 14,573). Men with a prior cancer
or with other serious illness, or who used vitamin E,
vitamin A, or b-carotene supplements in excess of
prede®ned doses (>20 mg, >20,000 IU, or >6 mg,
respectively, for the three nutrients) or anticoagulants
were excluded. Written, informed consent was obtained
from each participant prior to randomization. The
ATBC Study was approved by the institutional review
groups at both the US National Cancer Institute and the
National Public Health Institute of Finland. The initial
results of the ATBC Study have been previously
reported [6].
Medical, dietary, smoking, and other background

data were obtained at entry, along with height and
weight, and a serum sample. Dietary intakes of vitamins
E and C, b-carotene and other carotenoids, and alcohol
were estimated from a modi®ed diet history question-
naire [7], and were available for 27,111 participants.
Serum concentrations of a-tocopherol, b-carotene, and
retinol were determined by HPLC [8], and serum total

cholesterol measured enzymatically. Participants had
three follow-up visits annually during which informa-
tion regarding illnesses and symptoms, smoking, and
capsule intake were collected, and an additional serum
sample was obtained after 3 years on-study. There were
no losses to follow-up.
An independent Data and Safety Monitoring Board

was convened twice annually to monitor trial progress
and to study unblinded data relevant to intervention
safety and e�cacy.

Cancer case ascertainment and reviews

Colorectal cancers diagnosed through the end of the
trial period, 30 April 1993, were identi®ed through the
Finnish Cancer Registry and death certi®cates
(n = 141). Carcinoids and squamous cell cancers of
the anal canal were excluded (n = 6), leaving 135 for
inclusion in this report. Subsequent to our initial report
of the ATBC Study ®ndings [6], eight cases of colorectal
cancer were reclassi®ed, based on central pathology±
oncology review, as not being primary malignancies of
the large bowel; the revised diagnoses were three benign
appendiceal carcinoids, one tubulovillous adenoma, one
case each of diverticulosis and diverticulitis, and two
primaries of unknown origin (one metastatic to brain
and one intra-abdominal). Two separate colorectal
cancers were diagnosed for each of two men during
the trial; in one case the cancer diagnosed ®rst was
considered in these analyses, while in the other case the
histologically con®rmed cancer was used, as both
tumors were diagnosed on the same date. The clinical
review committee reviewed medical records to con®rm
and stage each case according to AJCC criteria [9].
Cases having histology available (n = 133 or 99%) were
reviewed by two pathologists centrally, and classi®ed
according to the International Classi®cation of Diseases
for Oncology [10]. Adenocarcinoma was the histologic
diagnosis in 130 of the 133 case tumors having tissue
(98%). Anatomic subclassi®cation of the cases was
based on their location being proximal (i.e. from cecum
through transverse colon) or distal (i.e. from splenic
¯exure to rectum). There was one case that was stage 0,
19 cases were diagnosed as stage I (14%), 60 (45%) as
stage II, 19 (14%) as stage III, and 36 (27%) as stage IV.
(Incomplete surgical dissection and examination of
lymph nodes may have led to underestimation of the
number of stage III cancers.) Endpoint ascertainment and
review were performed blind to intervention allocation.
Sixty-nine cases continued to take study capsules

post-diagnosis for a median of 13 months. These cases
were proportionally distributed, as a percent of all cases,
among the four intervention groups.
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Deaths occuring on or before 30 April 1993 were
identi®ed through the Central Population Registry and
the underlying cause of death was reviewed by a study
physician. Only deaths having colorectal cancer as the
underlying cause (ICD-9 153, 154.0, or 154.1) were
included in the analyses of colorectal cancer mortality
(n = 46).

Statistical analysis

In all trial analyses the ``intention-to-treat'' principle
was used with all subjects being allocated to the
intervention arm as randomized. Follow-up time accu-
mulated until the date of ®rst colorectal cancer diagno-
sis, the date of death, or 30 April 1993. Cases of cancer
other than colorectal were ignored in the analyses.
Kaplan±Meier cumulative incidence curves were plotted
for the four intervention groups and for the two
intervention agents separately. Two-sided nominal
p-values were derived from the unweighted log-rank
statistic [11]. The trial intervention e�ect was assessed
using multiplicative proportional hazard regression
models [11], with time since randomization modeled
nonparametrically, and an indicator variable for each
intervention included. The relative risks (RR) of colo-
rectal cancer incidence and mortality and their 95%
con®dence intervals (CI) are reported. Interaction
between the intervention e�ects of a-tocopherol and
b-carotene was tested using a separate model with a
cross-products term. Of several potential risk factors,
only age, body mass index, and serum cholesterol were
signi®cantly related to colorectal cancer occurrence, but
because they had no e�ect on the estimated intervention
e�ects, were not included in the intervention models.
E�ect modi®cation by baseline factors was assessed
through subgroup (i.e. stratum-speci®c) hazard regres-
sion models for estimation of intervention relative risk,
and in separate models, the relevant cross-product terms
(e.g. intervention group ´ baseline factor (continuous))
provided the statistical test for interaction. Intervention
group di�erences in case stage distributions and survival
time were tested using the chi-squared and Wilcoxon
rank sum tests, respectively.
The relationship between risk of colorectal cancer and

serum concentrations of a-tocopherol and b-carotene
achieved during supplementation in the respective in-
tervention groups could be evaluated only among those
participants for whom the 3-year follow-up serum
sample had been obtained and colorectal cancer had
not yet been diagnosed. These multiplicative propor-
tional hazards models utilized tertiles of follow-up
serum concentrations, and included age, body mass
index, and serum cholesterol, to adjust for possible

di�erences among the tertiles, and the other intervention
(e.g. an indicator variable for b-carotene supplementa-
tion was included in the models of follow-up serum
a-tocopherol in the a-tocopherol arm).
The association between colorectal cancer incidence

and baseline dietary intakes and serum concentrations
of a-tocopherol and b-carotene was estimated through
proportional hazards models that included intervention
group, age, body mass index, and serum cholesterol.

Results

The four trial intervention groups were well balanced
for all baseline characteristics evaluated (Table 1).
Several factors measured during follow-up, such as diet
and alcohol intake, nonstudy vitamin supplementation,
body mass index, and cigarette smoking, also remained
essentially equivalent across intervention groups. Four
out of ®ve participants took over 95% of their capsules
during the trial, and this high level of adherence was
equal across the groups. Increases in serum a-tocopherol
and b-carotene over baseline concentrations were ob-
served in the active supplement groups after 3 years,
from 11.5 to 17.3 mg/L for a-tocopherol among those
receiving a-tocopherol (11.4 and 12.4, respectively, in
the non-a-tocopherol arm), and from 0.17 to 3.0 mg/L
for b-carotene in the b-carotene arm (0.17 and 0.18 mg/
L, respectively, in those not receiving b-carotene).
There were 169,460 person-years of observation

during the study, and 135 men were diagnosed with
incident colorectal cancer: 29 in the a-tocopherol alone
group, 30 in the a-tocopherol plus b-carotene group, 39
in the b-carotene alone group, and 37 in the placebo
group. The Kaplan±Meier curves of cumulative inci-
dence for the four groups are shown in Figure 1. From
the proportional hazards model the relative risk for
colorectal cancer incidence, compared to placebo, was
0.79 (95% con®dence interval (CI) 0.48±1.28) for the
a-tocopherol alone group, 0.82 (CI 0.50±1.32) for the
a-tocopherol plus b-carotene group, and 1.06 (CI 0.68±
1.66) for those receiving only b-carotene. There was no
interaction between the a-tocopherol and b-carotene
interventions (p = 0.96).
Cumulative incidence of colorectal cancer remained

lower throughout most of the trial among those receiv-
ing a-tocopherol than among those not supplemented
with a-tocopherol, particularly after 2 years of supple-
mentation (Figure 2). By the end of the study colorectal
cancer incidence, though not statistically signi®cantly
di�erent, was 22% lower (RR = 0.78; CI 0.55±1.09)
among those receiving a-tocopherol compared to those
not. Colorectal cancer incidence did not di�er between
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the b-carotene study arm and the non-b-carotene arm
(RR = 1.05; CI 0.75±1.47; Figure 3).
The modest relative incidence di�erence according to

a-tocopherol supplementation armwas somewhat greater
for cancers located proximal to the splenic ¯exure (15

versus 23 cases) compared to more distal large bowel
cancers (44 versus 51); there was no material di�erence
in the e�ect of b-carotene according to anatomic
location. With respect to disease stage, there were 10,
23, 10 and 16 colorectal cancer cases diagnosed in the

Table 1. Baseline characteristics of participants according to intervention group, Finnish men1

Intervention group

AT AT + BC BC Placebo

Number of subjects 7286 7278 7282 7287

Age (years) 57.2 57.3 57.2 56.9

Cigarettes/day 20 20 20 20

Body mass index (kg/m2) 26.1 26.0 25.9 26.0

Serum cholesterol (mmol/L) 6.15 6.18 6.15 6.14

Serum a-tocopherol (mg/L) 11.4 11.6 11.5 11.5

Serum b-carotene (lg/L) 168 172 170 171

Serum retinol (lg/L) 574 577 576 577

Dietary intake (daily)

Energy (kcal) 2736 2714 2721 2710

Fat (g) 118 117 118 116

Fiber (g) 24.2 24.3 24.3 24.1

Cholesterol (mg) 540 542 540 535

Alcohol (ethanol, g) 11.3 10.8 11.0 10.8

Vitamin E (mg) 10.7 10.8 10.8 10.6

b-carotene (mg) 1.70 1.73 1.70 1.72

Vitamin C (mg) 87.5 88.5 88.3 88.1

Calcium (g) 1.35 1.34 1.34 1.33

Selenium (lg) 86.2 86.3 86.3 85.4

³Moderate work activity (%) 26 26 25 26

>Elementary school

education (%)

21 22 21 21

1 Median values or percent. AT = a-tocopherol, BC = b-carotene. Dietary intake data are per day and available for 6773, 6763, 6757, and

6817 participants in the four groups, respectively. Work activity among workers only.

Fig. 1. Cumulative incidence of colorectal cancer according to intervention group allocation in the ATBC Cancer Prevention Study, Finland.
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a-tocopherol study arm in stages 0/I, II, III, and IV,
respectively, compared to 10, 37, 9, and 20 in the non-
a-tocopherol arm. Similarly, among those receiving
b-carotene there were 8, 30, 12, and 19 cases diagnosed
in the same stages, respectively, compared to 12, 30, 7,
and 17 in the non-b-carotene arm. These intervention
group distributions by subsite and stage did not di�er
signi®cantly by the chi-squared test.
There were 46 deaths from colorectal cancer, 12 in the

a-tocopherol only group, 13 in the b-carotene only

group, 10 in the a-tocopherol plus b-carotene group,
and 11 in the placebo group. Colorectal cancer mortality
was similar in the a-tocopherol and non-a-tocopherol
study arms (RR = 0.92; CI 0.51±1.64), as well as in the
b-carotene and the non-b-carotene arms (RR = 1.01;
CI 0.56±1.79). Neither supplement a�ected colorectal
cancer survival time.
Although the main intervention e�ects were not

statistically signi®cant, exploratory subgroup analyses
based on baseline factors potentially relevant to colo-

Fig. 2. Cumulative incidence of colorectal cancer according to a-tocopherol supplementation group in the ATBC Cancer Prevention Study,

Finland.

Fig. 3. Cumulative incidence of colorectal cancer according to b-carotene supplementation group in the ATBC Cancer Prevention Study,

Finland.
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rectal cancer or the e�ectiveness of the study agents were
conducted. We observed little evidence suggestive of
modi®cation of the a-tocopherol and b-carotene sup-
plementation e�ects (Table 2). There was a suggestion
of lower incidence resulting from the a-tocopherol
supplementation among men with higher baseline di-
etary intake of energy. There was no b-carotene±alcohol
interaction, and no evidence of e�ect modi®cation by

other dietary nutrients including selenium, folate, vita-
min C, or calcium, or by baseline vitamin E or b-
carotene supplement use (data not shown). Follow-up
serum a-tocopherol and b-carotene concentrations were
not signi®cantly related to colorectal cancer risk in the
respective active intervention arms (data not shown).
The prevalence at baseline and during supplementa-

tion of several gastrointestinal-related symptoms that
could have led to earlier diagnosis ± including nausea,
heartburn, intestinal cramps, diarrhea, and constipa-
tion ± were equivalent among the four intervention
groups.
We observed no statistically signi®cant associations

between colorectal cancer risk and baseline dietary or
serum b-carotene, dietary vitamin E, or serum a-
tocopherol, adjusting for baseline age, body mass index,
serum cholesterol, and intervention group (data not
shown).

Discussion

We observed a statistically nonsigni®cant, 22% reduc-
tion in the incidence of colorectal cancer in response to
daily supplementation with a-tocopherol, 50 mg, for an
average of 6 years. b-Carotene supplementation had no
e�ect on large bowel cancer incidence, and neither
nutrient a�ected colorectal cancer mortality or survival
time.
Although the suggested preventive e�ect of a-tocop-

herol may be due to the relatively small number of
events and therefore chance, there are several important
strengths of our study to keep in mind. The large
controlled trial design essentially eliminates the potential
impact of confounding of vitamin supplement use by
other lifestyle correlates that typically limit interpre-
tation of observational studies. Endpoint ascertainment
was complete, and histological con®rmation of malig-
nancy was made for all but two cases. The 5±8 years of
supplementation with 50 mg (or IU) dl-a-tocopheryl
acetate and 20 mg b-carotene resulted in 50% and 17-
fold higher serum concentrations of these micronutri-
ents, and corroborate the reported excellent compliance.
It is possible, however, that stronger intervention e�ects
may have been observed were higher dosages (primarily
of vitamin E) or a longer study duration utilized.
Findings from prior trials of vitamin E or b-carotene

for the prevention of colorectal cancer, adenomas, or
polyps among high-risk subjects have not been encour-
aging. Regarding vitamin E, an early prevention trial
tested the e�ects of daily supplementation with both a-
tocopherol (400 mg) and vitamin C (4 g) on rectal
polyps among 58 women and men with familial adeno-

Table 2. Relative risk (RR) of colorectal cancer for the a-tocopherol
and b-carotene supplementation groups according to levels of selected

baseline characteristics, Finnish men1

Alpha-tocopherol

vs. No alpha-

tocopherol

Beta-carotene

vs. No beta-

carotene

RR p-Value RR p-Value

Total 0.78 1.05

Age (years)

£ 57 0.92 0.48 1.15 0.69

>57 0.71 0.99

Body mass index (kg/m2)

£ 26.0 0.80 0.86 0.85 0.27

>26.0 0.75 1.25

Serum a-tocopherol (mg/l)

£ 11.6 0.94 0.32 1.09 0.89

>11.6 0.67 1.04

Serum b-carotene (lg/l)
£ 170 0.80 0.89 1.11 0.73

>170 0.77 0.98

Dietary intake (daily)

Energy (kcal)

£ 2720 1.08 0.05 1.00 0.88

>2720 0.52 0.95

Fat (g)

£ 117 1.05 0.08 1.29 0.15

>117 0.56 0.77

Fiber (g)

£ 24 0.95 0.22 0.96 0.92

>24 0.61 0.99

Vitamin E (mg)

£ 10.7 1.01 0.09 1.17 0.29

>10.7 0.55 0.80

b-carotene (mg)

£ 1.71 0.61 0.29 0.77 0.22

>1.71 0.89 1.19

Alcohol (ethanol, g)

£ 11 0.89 0.41 0.99 0.88

>11 0.64 0.94

1 Strata based on study population medians. Dietary intake data

available for 27,111 participants. p-Value for intervention±character-

istic interaction is for the (intervention arm ´ continuous factor) cross-

product term in separate proportional hazards models.
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matous polyposis coli who had previously undergone a
colectomy [12]. Nonsigni®cantly lower (by 35%) prev-
alence of polyps was found after 4 years among those
receiving the two vitamins and given a high ®ber
supplement. A study of 255 post-polypectomy patients
conducted in Italy showed that, compared to nontreat-
ment, daily supplementation with a combination of
vitamins A (30,000 IU), C (1 g), and E (70 mg) for an
average of 18 months reduced the recurrence rate of
adenomatous polyps from 36% to 6% [13]. By contrast,
no e�ect on colorectal polyp recurrence was observed
for a combination of vitamin E and C (400 mg each) in a
2-year Canadian trial conducted among 143 participants
[14], and a similar result was obtained for colorectal
adenomas in the Polyp Prevention Study of 864 partic-
ipants using vitamins E (400 mg) and C (1 g) daily for
4 years (RR = 1.08; CI 0.91±1.29) [15]. The possible
reduction in cancer of the large bowel we observed in
response to supplementation with 50 mg a-tocopherol in
this large, population-based trial is therefore singular,
and will require con®rmation in other controlled studies.
Observational studies do, however, provide some

support for a bene®cial relationship between serum a-
tocopherol, or dietary or supplemental vitamin E intake,
and colorectal cancer. Five prospective studies examined
serum a-tocopherol status and found lower serum levels
among those who subsequently developed colorectal
cancer [16±20]. A pooled analysis revealed an adjusted
estimate of 30% lower risk for the highest as compared
to the lowest quartile of serum a-tocopherol concentra-
tion [3]. One follow-up study of dietary vitamin E intake
reported no association with the incidence of colon or
colorectal cancer [21], and an earlier report from the
same cohort suggested a nonsigni®cant inverse relation-
ship (RR = 0.8; CI 0.4±1.5) [22]. Another cohort study,
conducted among women in Iowa and involving 212
colorectal cancers, showed a substantial 50% reduction
in colon cancer incidence for vitamin E supplement use,
and an estimated relative risk of 0.32 for the highest
versus lowest quintile of vitamin E intake from diet plus
supplements [23]. Case±control studies have also report-
ed signi®cant inverse associations for higher dietary
vitamin E intake [24], or for supplemental vitamin E use
of ³ 200 IU daily (versus none; RR = 0.43; CI 0.26±
0.71) [25]. Other investigations reveal no substantive
relationship between dietary vitamin E and colorectal
cancer [26±28], and in the present study there was no
overall association for serum a-tocopherol or dietary
vitamin E intake at baseline.
Laboratory experiments demonstrate vitamin E-rela-

ted reductions in cell culture malignant tranformations
[29] and in dimethylhydrazine-induced colon tumor
incidence in mice [30] and rats [31], though not

consistently [32]. There are several plausible mechanisms
through which a-tocopherol, the most biologically active
form of vitamin E, could in¯uence the development of
colorectal cancer. It has a strong inherent potential for
antioxidation of highly reactive and genotoxic electro-
phyles, such as hydroxyl, superoxide, lipid peroxyl and
hydroperoxyl, and nitrogen radicals [33], which could
prevent propagation of free radical damage in biological
membranes, and decrease mutagenesis and carcinogen-
esis. a-Tocopherol also inhibits protein kinase-C activity
[34, 35], and the proliferation of smooth muscle cells [34,
36], melanoma cells [37], and rectal mucosa [38], though
one experiment showed no antiproliferative e�ect in the
colon [39]. Such antiproliferative activity may be rele-
vant to the suggested enhanced a-tocopherol e�ect we
observed among participants having higher daily energy
(and possibly higher fat) intake [40]. Vitamin E also
induces the detoxi®cation enzyme NADPH : quinone
reductase in colon cancer cell lines [41], and inhibits
arachadonic acid metabolism [42]. Diminished fecal
mutagenicity in response to vitamin E supplementation
has also been reported [43].
Our ®ndings for b-carotene are consistent with results

reported from two other large intervention trials that
tested b-carotene supplementation among average-risk
subjects and showed no e�cacy for colorectal cancer
prevention. The Physicians' Health Study involved
22,071 male physicians in the US and reported 167
cases of large-bowel cancer in its b-carotene group
(50 mg on alternate days) and 174 cases in the placebo
group after 12 years of supplementation [44]. Similarly,
the Beta-Carotene and Retinol E�cacy Trial (CARET)
studied 18,314 men and women in the US at elevated
risk for lung cancer and tested daily supplementation
with b-carotene (30 mg) in combination with retinyl
palmitate (25,000 IU) for an average of 4 years [45]; no
di�erence in colorectal cancer incidence was observed
between the active treatment and placebo arm (RR =
1.02; CI 0.70±1.50). The Polyp Prevention Study [15]
also reported no e�ect of b-carotene 25 mg daily on
colorectal adenoma recurrence, compared to placebo
(RR = 1.01; CI 0.85±1.20), while the Australian Polyp
Prevention Project suggested greater adenoma recur-
rence in its b-carotene group (RR = 1.5; CI 0.9±2.5)
[46]. The combined trial data therefore make it unlikely
that pharmacologic doses of supplemental b-carotene
are bene®cial in the prevention of colorectal cancer. By
contrast, observational epidemiologic studies suggest an
inverse association between dietary b-carotene (or other
carotenoids) and risk of colorectal cancer, although not
consistently, and with the evidence being both more
abundant and more convincing for high vegetable
(or vegetable and fruit) consumption per se [2, 4, 47].
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Although prevention of colorectal cancer by vitamin
E was not the primary hypothesis in the ATBC Study,
the present secondary ®ndings suggest that such bene®t
may have been observed. These results are made more
plausible by currently available, supportive laboratory
and human observational data, and to some degree by
our recent report of prostate cancer prevention [48],
which showed signi®cant e�cacy from vitamin E for the
®rst time from a large controlled trial. b-Carotene had
no apparent preventive e�ect in colorectal cancer,
bringing to three the number of large-scale trials having
such an outcome. Other large-scale trials of vitamin E
can help to de®ne the true role of this vitamin in
colorectal cancer prevention.

Acknowledgements

The Alpha-Tocopherol, Beta-Carotene Cancer Preven-
tion Study (ATBC Study) was supported by Public
Health Service contract NO1-CN-45165 from the Na-
tional Cancer Institute, National Institutes of Health,
Department of Health and Human Services.

References

1. Petersen GM (1995) Genetic epidemiology of colorectal cancer.

Eur J Cancer 31A: 1047±1050.

2. Potter JD (1996) Nutrition and colorectal cancer. Cancer Causes

Control 7: 127±146.

3. Longnecker MP, Martin-Moreno JM, Nomura AMY, et al. (1992)

Serum a-tocopherol concentration in relation to subsequent

colorectal cancer: pooled data from ®ve cohorts. J Natl Cancer

Inst 84: 430±435.

4. Steinmetz KA, Potter JD (1991) Vegetables, fruit, and cancer. I.

Epidemiology. Cancer Causes Control 2: 325±357.

5. ATBC Cancer Prevention Study Group (1994) The alpha-toco-

pherol, beta-carotene lung cancer prevention study (ATBC Study):

design, methods, participant characteristics, and compliance. Ann

Epidemiol 4: 1±10.

6. ATBC Cancer Prevention Study Group (1994) The e�ect of

vitamin E and beta carotene on the incidence of lung cancer and

other cancers in male smokers. N Engl J Med 330: 1029±1035.

7. Pietinen P, Hartman AM, Haapa E, et al. (1988) Reproducibility

and validity of dietary assessment instruments. I. A self-adminis-

tered food use questionnaire with a portion size picture booklet.

Am J Epidemiol 128: 655±666.

8. Milne DB, Botnen J (1986) Retinol, alpha-tocopherol, lycopene,

and alpha- and beta-carotene simultaneously determined in plasma

by isocratic liquid chromatography. Clin Chem 32: 874±876.

9. American Joint Committee on Cancer (AJCC) (1992) Colon and

rectum. In: Beahrs OH, Hensen DE, Hutter RVP, Kennedy BJ,

eds. Manual for Staging of Cancer, 4th edn. Philadelphia, PA: JD

Lippincott, pp. 75±82.

10. Percy C, Van Holten V, Muir C (1990) International Classi®cation

of Diseases for Oncology, 2nd edn. Geneva: World Health

Organization.

11. Kalb¯eisch JD, Prentice RL (1980) The Statistical Analysis of

Failure Time Data. New York: John Wiley.

12. De Cosse JJ, Miller HH, Lesser ML (1989) E�ect of wheat ®ber

and vitamins C and E on rectal polyps in patients with familial

adenomatous polyposis. J Natl Cancer Inst 81: 1290±1297.

13. Roncucci L, Di Donato P, Carati L, et al. (1993) Antioxidant

vitamins or lactulose for the prevention of the recurrence of

colorectal adenomas. Dis Colon Rectum 36: 227±234.

14. McKeown-Eyssen G, Holloway C, Jazmaji V, et al. (1988) A

randomized trial of vitamins C and E in the prevention of

recurrence of colorectal polyps. Cancer Res 48: 4701±4705.

15. Greenberg ER, Baron JA, Tosteson TD, et al. (1994) A clinical

trial of antioxidant vitamins to prevent colorectal adenoma. N

Engl J Med 331: 141±147.

16. Knekt P, Aromaa A, Maatela J, et al. (1988) Serum vitamin E,

serum selenium and the risk of gastrointestinal cancer. Int J Cancer

42: 846±850.

17. Nomura A, Heilbrun LK, Morris JS, Stemmermann GN (1997)

Serum selenium and the risk of cancer, by speci®c sites; case-control

analysis of prospective data. J Natl Cancer Inst 79: 103±108.

18. Schober SE, Comstock GW, Helzlsouer KJ, et al. (1987) Serologic

precursors of cancer. Am J Epidemiol 126: 1033±1041.

19. Stahelin HB, Gey KF, Eicholzer M, et al. (1991) Plasma antiox-

idant vitamins and subsequent cancer mortality in the 12-year

follow-up of the prospective Basel Study. Am J Epidemiol 133:

766±775.

20. Wald NJ, Thompson SG, Densem JW, et al. (1987) Serum vitamin

E and subsequent risk of cancer. Br J Cancer 56: 69±72.

21. Shibata A, Paganini-Hill A, Ross RK, Henderson BE (1992)

Intake of vegetables, fruits, beta-carotene, vitamin C and vitamin

supplements and cancer incidence among the elderly: a prospective

study. Br J Cancer 66: 673±679.

22. Wu AH, Paganini-Hill A, Ross RK, Henderson BE (1987)

Alcohol, physical activity and other factors for colorectal cancer:

a prospective study. Br J Cancer 55: 687±694.

23. Bostick RM, Potter JD, McKenzie DR, et al. (1993) Reduced risk

of colon cancer with high intake of vitamin E: the Iowa Women's

Health Study. Cancer Res 53: 4230±4237.

24. Ferraroni M, La Vecchia C, D'Avanzo B, et al. (1994) Selected

micronutrient intake and the risk of colorectal cancer. Br J Cancer

70: 1150±1155.

25. White E, Shannon JS, Patterson RE (1997) Relationship between

vitamin and calcium supplement use and colon cancer. Cancer

Epidemiol Biomarkers Prev 6: 769±774.

26. Freudenheim JL, Graham S, Horvath PJ, et al. (1990) Risks

associated with source of ®ber components in cancer of the colon

and rectum. Cancer Res 50: 3295±3300.

27. Lee HP, Gourley L, Du�y SW, et al. (1989) Colorectal cancer and

diet in an Asian population study among Singapore Chinese. Int J

Cancer 43: 1007±1016.

28. Benito E, Obrador A, Stiggelbout A, et al. (1990) A population-

based case±control study of colorectal cancer in Majorca, I.

Dietary factors. Int J Cancer 45: 69±76.

29. Borek C, Ong A, Mason H, Donahue L, Biaglow JE (1986)

Selenium and vitamin E inhibit radiogenic and chemically induced

transformation in vitro via di�erent mechanisms. Proc Natl Acad

Sci USA 83: 1490±1494.

30. Cook MG, McNamara P (1980) E�ect of dietary vitamin E on

dimethylhydrazine-induced colonic tumors in mice. Cancer Res

40: 1329±1331.

31. Sumiyoshi H (1985) E�ects of vitamin E de®ciency on 1,2-

dimethylhydrazine-induced intestinal carcinogenesis in rats. Hiro-

shima J Med Sci 34: 363±369.

204 D. Albanes et al.



32. Toth B, Patil K (1983) Enhancing e�ect of vitamin E on murine

intestinal tumorigenesis by 1,2-dimethylhydrazine dihydrochloride.

J Natl Cancer Inst 70: 1107±1111.

33. Burton GW, Ingold KU (1981) Autoxidation of biological mole-

cules. 1. The antioxidant activity of vitamin E and related chain-

breaking phenolic antioxidants in vitro. J Am Chem Soc 103:

6472±6477.

34. Azzi A, Boscoboinik D, Marilley D, Ozer NK, Stauble B, Tasinato

A (1995) Vitamin E: a sensor and an information transducer of the

cell oxidation state. Am J Clin Nutr 62: 1337S±1346S.

35. Mahoney CW, Azzi A (1988) Vitamin E inhibits protein kinase C

activity. Biochem Biophys Res Commun 154: 694±697.

36. Chatelain E, Boscoboinik DO, Bartoli GM, et al. (1993) Inhibition

of smooth muscle cell proliferation and protein kinase C activity by

tocopherols and tocotrienols. Biochim Biophys Acta 1176: 83±89.

37. Ottino P, Duncan JR (1997) E�ect of alpha-tocopherol succinate

on free radical and lipid peroxidation levels in BL6 melanoma cells.

Free Radical Biol Med 22: 1145±1151.

38. Paganelli GM, Biasco G, Brandi G, et al. (1992) E�ect of vitamin

A, C and E supplementation on rectal cell proliferation in patients

with colorectal adenomas. J Natl Cancer Inst 84: 47±51.

39. Cahill RJ, O'Sullivan KR, Mathias PM, Beattie S, Hamilton H,

O'Morain C (1993) E�ects of vitamin antioxidant supplementation

on cell kinetics of patients with adenomatous polyps. Gut 34:

963±967.

40. Steinbach G, Kumar SP, Reddy BS, Lipkin M, Holt PR (1993)

E�ects of caloric restriction and dietary fat on epithelial cell

proliferation in rat colon. Cancer Res 53: 2745±2749.

41. Wang W, Higuchi CM (1995) Induction of NAD(P)H : quinone

reductase by vitamins A, E and C in Colo205 colon cancer cells.

Cancer Lett 98: 63±69.

42. Traber MG, Packer L (1995) Vitamin E: beyond antioxidant

function. Am J Clin Nutr 62: 1501S±1509S.

43. Dion PW, Bright-See EB, Smith CC, Bruce WR (1982) The e�ect

of dietary ascorbic acid and alpha-tocopherol on fecal mutageni-

city. Mutat Res 102: 27±37.

44. Hennekens CH, Buring JE, Manson JE, et al. (1996) Lack of e�ect

of long-term supplementation with beta carotene on the incidence

of malignant neoplasms and cardiovascular disease. N Engl J Med

334: 1145±1149.

45. Omenn GS, Goodman GE, Thornquist MD, et al. (1996) E�ects

of the combination of beta-carotene and vitamin A on lung

cancer incidence, total mortality, and cardiovascular mortality in

smokers and asbestos-exposed workers. N Engl J Med 334: 1150±

1155.

46. MacLennan R, Macrae FA, Bain CV, et al. (1995) Randomized

trial of intake of fat, ®ber, and beta carotene to prevent colorectal

adenomas. J Natl Cancer Inst 87: 1760±1766.

47. van Poppel G, Goldbohm RA (1995) Epidemiologic evidence for

b-carotene and cancer prevention. Am J Clin Nutr 62: 1393S±

1402S.

48. Heinonen OP, Albanes D, Virtamo J, et al. (1998) Prostate cancer

and supplementation with a-tocopherol and b-carotene: incidence
and mortality in a controlled trial. J Natl Cancer Inst 90: 440±

446.

Vitamin E and b-carotene supplementation and colorectal cancer 205


